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ABSTRACT 
A camera to photograph ra indrops incorporat ing simple optical 
devices and electronic flash equipment is descr ibed. A discussion of m e a s -
u r e m e n t accuracy is given and sources of measu remen t e r r o r are evaluated. 
It is shown that the camera is capable of measur ing precipi ta t ion par t ic les 
l a r g e r than 0. 5 mm to an accuracy of 0. 3 mm. Examples of actual photo-
graphs a r e presented with discuss ions of the par t i c les pictured. It is con-
cluded that the camera is capable of performing the task for which it was 
designed. Suggestions for future work a r e given. 
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INTRODUCTION 
This r e s e a r c h repor t descr ibes the construction of a camera for the 
specific purpose of measur ing direct ly the dimensions of falling precipi tat ion 
pa r t i c l e s . The data obtained from the camera film are to be used in the d e -
termination of r ada r reflectivity from precipi tat ion, and for the investigation 
of the c ros s - sec t iona l shape of precipitat ion pa r t i c l e s . 
HISTORY OF DROP-SIZE MEASUREMENTS 
Since the advent of r a d a r as an ins t rument for detecting rainfall , in-
t e re s t has been renewed in the determinat ion of r a indrop-s i ze distr ibution 
and the shape of the precipi tat ion par t i c les . The distr ibution published by 
Laws and Pa r sons (1) has been a c lass ic in these invest igat ions, and r e fe r -
ence may be made to their paper for an excellent h is tory of d rop- s i ze studies 
up to 1943. Since the Laws and Pa r sons work, additional information has 
been obtained by Marshal l and Pa lmer (2) using absorbent paper and a w a t e r -
soluble dye, Blanchard (3) using sooted meta l s c r e e n s , Boucher (4) using 
sugared nylon s c r eens , Bowen (5) using a m a s s spectograph, and Cooper (6) 
using microphone impact of drops . Only a few of these inves t igators obtained 
ra indrop-s ize samples in a ra in heavier than 3 inches /hour because the gusty 
winds accompanying such heavy ra tes make the measur ing techniques inade-
quate, or too much water is collected before the sample can be covered. The 
search for a solution to these two difficulties resulted in the decision to a t -
tempt photographing the d rops . 
In an o rd inary c a m e r a the light rays which form the photographic 
image diverge with distance from the camera . This divergence with distance 
resu l t s in normal perspec t ive ; i . e . , near objects appear l a rge r than far ob-
jects of the same s ize . Normal perspect ive introduces an inconvenience 
where it is des i red to m e a s u r e objects randomly dis tr ibuted within a volume. 
A solution to the problem was used by Laws (7), and his bas ic ins t rument has 
been extended and refined for the p resen t study. 
The ra indrop camera as shown in Figure 1 photographs through the 
long s i lver -co lored tube extending from the power pole on the right to the 
left foreground. The flash equipment is housed in the she l te r to the left, 
while the camera and associa ted optics a re housed in the longer sectional 
shel ter to the right. The sampling volume, outlined by the open ends of the 
two inverted t roughs, may be seen between the two she l t e r s . A ra in sensing 
element to activate the equipment is located between the fence and the camera 
and may be seen immediately beneath the openings. An Aerovane wind set is 
located in a co rne r of the equipment a r e a , and a weighing bucket raingage is 
also installed (left, behind shel ter ) . The two t imber p i e r s at each end of the 
optical section of the c a m e r a support the movie c a m e r a , diagonal flat m i r r o r , 
and the paraboloidal m i r r o r independently of the plywood shel ter tube, thus r e -
ducing vibrat ion of the optical sys tem during gusty thunders torm winds. 
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Fig. 1. The raindrop c a m e r a showing housing for m i r r o r , 
flash unit, camera , and sampling volume. 
COMPONENTS 
The complete pa r t i c l e - s ize apparatus consis ts of a number of major 
components which are listed with their functions in the following pa ragraphs : 
The electronic flash unit was built especial ly to fit specifications of 
this study. These specifications included: light output constant from flash 
to f lash , 10 mic ro-seconds effective flash duration at 24 wat t -seconds energy 
s torage , uniform illumination over a 15-inch diameter c i rc le , and cycling 
time of one-third second. 
The necessa ry energy s torage was determined from a se r i e s of t es t s 
with equipment of different energy storage capacit ies from var ious manufac -
t u r e r s . The flash duration is short enough so that no blur from movement is 
detectable in the photographic image. This duration was calculated using the 
magnification of the optical sys tem, the resolut ion of the photographic film, 
Electronic Flash Unit 
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and the speed of fall of the l a rges t ra indrop (6. 2 mm) to be expected (8). A 
flash duration of approximately 2 0 mic ro - seconds was found to be the longest 
exposure to be tolerated. The operating voltage of the e lectronic equipment 
is 4, 000 volts , and the storage capacity for 24 wat t -seconds energy is 3. 0 
mic ro - f a r ads . The electronic flash unit is of conventional design except for 
the t r igger c i rcui t . It has proven to be very rel iable in operat ion and no v a r -
iation in light intensity has been detected from flash to flash or from day to 
day. The schematic d iagram of the e lect ronic flash equipment is shown in 
Figure 2. 
The purpose of the te lecentr ic optical sys tem is to normalize all 
pa r t i c l e s to an equal distance from the c a m e r a lens so that d i rec t compar i -
son of their s izes may be made. Essent ia l ly , the te lecentr ic optical sys tem 
consis ts of a Newtonian-mounted as t ronomica l telescope with the objective 
lens of the recording camera placed exactly at the pr incipal focus of a f i r s t -
surface paraboloidal m i r r o r . The f i r s t - sur face paraboloidal m i r r o r mus t 
be of very high quality since each smal l a rea of the m i r r o r ' s surface is of 
equal impor tance . This is evident from the fact that the camera is accepting 
al l those rays of light which are para l le l and near ly para l le l before str iking 
the surface of the m i r r o r , and a true rendition of the pa r t i c l e ' s size is not 
obtained if a flaw is p resen t in that portion of the m i r r o r which is forming 
the image of the par t i c le . Figure 3 is a d iagram of the optical sys tem. 
The paraboloidal m i r r o r used in the final ins t rument has a d iameter 
of 324 mm, and a focal length of 4, 581. 5 mm. This m i r r o r has some zonal 
e r r o r amounting to about one-fourth of the wavelength of sodium light in a 
r ing about two-thirds of the radius from the center . This zonal e r r o r , which 
was determined using the Foucault test , was difficult to measure because of 
the large var ia t ions in density of the a i r over the 30-foot optical path of the 
tes t . A flat f i r s t - sur face m i r r o r , just large enough to intercept the converg-
ing rays of light from the paraboloidal m i r r o r , is placed at a balance of d i s -
tances so that the camera can be placed just outside the field of view of the 
paraboloidal m i r r o r . 
The camera optical sys tem is so a r ranged that essent ia l ly only para l le l 
rays of light in the object space a r e accepted on the film. Because the c a m -
e r a accepts only para l le l rays of light, the concave m i r r o r surface must be 
paraboloidal in o rde r to cause the bundle of light rays to meet in a point at a 
pr incipal plane of the camera objective lens. However, since the 324-mm 
d iamete r m i r r o r in the camera has a focal length 14. 1 t imes its d iamete r , 
the difference between a spheroidal and paraboloidal surface is negligible, 
Telecentr ic Optical System 
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The camera used with the par t ic le -s ize appara tus is a modified PH-
330-K 35-mm motion picture camera . This c a m e r a was not designed to p r e -
vent all light from leaking around the shutter when the camera mechanism is 
not actuated. In fact, there is no device included in the camera which acts as 
a positive stop to insure that the shutter always stops in front of the film. 
Thus, it was neces sa ry to modify the camera in such a way that a negligible 
amount of light s t r ikes the film during those in terva ls when the camera shut-
ter is closed. It was found neces sa ry to in se r t sheets of black paper at c e r -  
tain points in o rde r to reduce the amount of light leaking around the closed 
shut te r . 
A lens b a r r e l was made to fit a Bausch and Lomb T e s s a r Ser ies 
1C f / 4 . 5 210-mm focus lens . The 210-mm focal length was selected in 
o r d e r that the magnification of the sys tem would cause the resul tant image 
on the film to be the exact size of the smal les t dimension of the film; t h e r e -
by, using the available film a r ea most efficiently. Since a 35-mm movie 
f rame is 16 mm x 24 mm and the par t ic les a r e recorded on an a r ea only 16 
mm x 16 mm, there is an a r ea 16 mm x 8 mm available for the simultaneous 
recording of date and time of the exposure . Inser ted in the right-hand side of 
the lens b a r r e l , as viewed from the r e a r of the c a m e r a , is a supplementary 
b a r r e l for the identification lens . A right angle p r i s m extending into the ob -
jective lens b a r r e l places the image of the identification information on the 
film a r ea provided. Figure 7 is a photograph showing the location of the v a r i -
ous i t ems . No aper tu re has been included in the identification lens sys tem, 
and the c o r r e c t exposure is obtained by varying the amount of light from an 
incandescent lamp. 
The camera has been fitted with a s ingle- f rame device. This device 
is operated by a continuously running motor which is coupled to the camera 
through a suitable gear t ra in and clutch for exactly one-half turn of the cam- 
e r a shutter mechanism. The camera shutter is comprised of two sections so 
that one-half turn of the shutter will aways resu l t in the exposure of one film 
f rame . Shutter rotation is constant and non-var iable . Incorporated in the 
s ingle-f rame device is a cam and microswitch a r r angemen t which synchro-
nizes the firing of the e lect ronic flash unit with the exposure of the single 
f rame . The camera uses 100-foot, 200-foot or 400-foot ree l s of film. 
An at tempt has been made to make the operat ion of the par t ic le c a m e r a 
as automatic as possible and to construct it so that it s t a r t s operating as soon 
after the beginning of a ra in as possible . This is done so that a complete h i s to ry 
of d rop- s i ze var ia t ions in a pa r t i cu la r ra in may be recorded . This has been 
accomplished by controlling the e lec t r i ca l supply to the c a m e r a through a s e r i e s 
Camera 
Timing Devices 
FIG.2 ELECTRONIC FLASH SCHEMATIC 
FIG. 3 OPTICAL SYSTEM (NOT TO SCALE) 
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of re lays and t imer s which control the interval of time elapsing between suc-
cess ive exposures , the wa rm-up of the equipment, and the shut-down of the 
equipment. 
A ra in-sens ing element has been built so that the camera may be op-
era ted unattended. This consis ts of a b r a s s s c r e e n mounted above a b r a s s 
plate about four and one-half inches square and separated from the plate by 
a thin sheet of glass cloth. Heat is supplied to the b r a s s plate by a the rmo-
stat ical ly-control led hea te r . Whenever rain is occur r ing , the sensing e l e -
ment is maintained at a t empera ture such that water standing on the plate 
evaporates rapidly. 
This plate, insulator , and sc reen form a switch in a 150-volt DC 
circui t which controls the coil of a plate re lay. Labora tory exper iments 
indicated that all but the smal les t drops resolved by the camera dec rease the 
res i s t ance ac ros s the switch sufficiently to close the re lay. Fu r the r t es t s 
indicated that after the element has reached operating t empera tu re , a single 
drop is evaporated in approximately six seconds, and that the element , after 
being completely soaked, d r i e s sufficiently to open the relay after about five 
minutes . 
The plate re lay is incorporated into the c i rcui t s shown in Figure 4 to 
control the power to the flash equipment, camera drive motor , data i l lumi-
nation, and timing mo to r s . Shorting of the ra in switch r e su l t s in immediate 
del ivery of power to al l of this equipment. A 30-second delay is incorpora t -
ed into the flash equipment to allow the 866/866-A rect i f ier tube to warm-up . 
The purpose of the additional re lays and delay t imer on the control chass is is 
to prevent the rapid switching of the plate re lay during light rainfall f rom af-
fecting the operation of the camera . The control chass i s is provided with a 
switch for operating the camera independently of the ra in-sens ing element . 
Two timing motors a r e used to obtain pulses which t r igger the c a m -
e r a . Continuous pulses at intervals of one- third second, or a s e r i e s of 36 
pulses at intervals of one-third second repeated each minute, a r e avai lable. 
The se r i e s of 36 p ic tures at minute in tervals was chosen to gather a large 
amount of data throughout a s to rm, and was considered an upper l imit of 
sampling ra te because of the large amount of film used. 
The interval of one- third second for individual photographs was chosen 
also so that the smal les t drop which could be resolved and measured would 
have time to fall out of the sampling volume before another picture was taken. 
The d iameter of the large m i r r o r which de te rmines the maximum ver t ica l 
dimension of the sampling volume is 324 mm, and the fall velocity of a 0. 25 
mm drop as given by Gunn and Kinzer (8) is approximately 92 cm s e c - 1 . Using 
this c r i te r ion , a photograph interval of one-third second was chosen. 
FIG. 4 CONTROL AND TIMING CHASSIS 
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MEASUREMENT ACCURACY 
A knowledge of the precision of any measurement system is of prime 
importance. For an optical system recording on photographic film, several 
factors limit the degree to which images may be resolved. These are: (1) 
the combined aberrations and distortions of the lens system, (2) the resolv-
ing power of the photographic film, (3) the disc of diffraction resulting from 
the aperture stops in the system, and (4) the circle of confusion arising from 
objects not being in the actual focal plane of the optical system. The samp-
ling volume of the camera and, therefore, the number of raindrops appearing 
on a single negative is limited by the maximum allowable size permitted ,the 
circle of confusion. 
The aberrations and distortions of the lens system cannot be treated 
quantitatively. However, the system can be tested by means of a resolution 
card. To satisfy an assumption to be stated later, the resolution possible 
with the optical system must be better than the desired resolution as limited 
by the other effects. An original system, assembled and tested using the rel-
ative aperture dictated by preceeding factors (3) and (4), was found to limit 
appreciably the quality of the image. Therefore, the original objective lens 
used on the camera, an achromat, was replaced with a Bausch and Lomb 
Tessar as previously described. Repeated tests indicated that the system 
satisfied the requirement that optical system limitations be less than those 
limitations imposed by factors (3) and (4). 
The resolving power of a photographic emulsion is sometimes given 
by photographic film manufacturers in terms of the number of lines per milli-
meter which may be resolved on the film; however, since rating of the resolv-
ing power is extremely subjective, it was thought desirable to test several 
films in the precise conditions under which they were to be used. Again, the 
resolving power of the film employed must be better than that desired, con-
sidering factors (3) and (4). Films tested included Eastman Microfile, East-
man Background-X, Eastman Plus-X and Super-XX, Ansco Supreme, and 
DuPont Microcopy and Superior I. The copy films, such as Microfile and 
Microcopy, were found to require more exposure than was obtainable from 
the electronic flash equipment at the capacitance used. More light is obtained 
by increasing capacitance which increases the charging time of the equipment 
and drives the flash tube harder. Eastman Plus-X and Background-X Pro-
fessional Films and DuPont Superior I were tested extensively, and these 
films were found to have a resolving power better than that necessary to sat-
isfy the requirements. Eastman Background-X was chosen for use because 
of the relatively high contrast it affords and its resistance to scratching. If 
exposure and development are correct within very narrow limits, Background-
X is capable of a resolying power of 112 lines per millimeter in the film plane, 
which corresponds to an ability to distinguish two objects 0.194 mm apart in 
the object space. 
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Diffraction and the c i rc le of confusion must be considered together 
and a compromise reached between their l imitations as they affect resolut ion. 
This may be treated mathemat ical ly . 
Let us consider any optical sys tem which forms an image and d e s -
cr ibe it in t e rms of the principle p lanes , focal points , and the ent rance and 
exit pupils . Fur the r a s s u m e Rayleigh's c r i te r ion for resolution; i . e . , the 
distance between the cen te rs of the diffraction pa t te rns must be equal to the 
radius of the f irs t da rk r ing. 
Following the nomenclature of Hardy and P e r r i n (9): 
H and H' a r e the pr incipal p lanes , 
E and E' a r e the entrance and exit pupils respect ively , 
p and p' a r e the radii of the pupils E and E' respect ive ly , 
F and F' a re the focal points , 
PO and P'O a re the dis tances of the focal points from the corresponding 
pupils , and 
P and P' a r e the dis tances of the object and image from the corresponding 
pupils . 
In Figure 5 the half angle, 9, of the d isc of diffraction is given by the 
express ion  
Here z' is the radius of the disc of diffraction in the image space , and 
is the appropr ia te wavelength of light. 
The magnification of the sys tem can be expressed by the formula 
where z l is the radius of the disc of diffraction in the object space. E l imi -
nation of z' between equations (2) and (3) yields the formula 
The limitations due to the c i rc le of confusion a r i s ing from depth-of-
field considerat ions (Figure 6) may be expressed in t e r m s of the above quant-
i t ies by the formula 
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FIG. 5 GENERALIZED OPTICAL SYSTEM 
ILLUSTRATING DIFFRACTION 
FIG. 6 GENERALIZED OPTICAL SYSTEM 
ILLUSTRATING DEPTH-OF-FIELD 
Fig. 7 Interpretat ion of Raindrop Photograph. 
- 13 -
Fig . 8. La rges t Rain-
drop Photographed. 
Fig. 9. A Shattered 
Raindrop. 
F ig . 10. A Bagging 
Raindrop. 
Fig. 11. A Non-Symetr ical Vibrating 
Raindrop. 
Fig. 12. Three Raindrops at Three 
Different Angles . 
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where z2 is the radius of the c i rc le of confusion in the object space, d is the 
total depth-of-field corresponding to any value of z1, and d1 and d2 a r e the 
dis tances of the given depth of field on ei ther side of the focal plane. Since 
z2 is smal l compared with , this may be wri t ten 
(6) 
For a more complete d iscuss ion of diffraction and depth-of-field 
effects see Hardy and P e r r i n (9) or other s tandard texts . 
Inspection of formulae (4) and (6) indicates that both z1 and z2 depend 
upon and P, and that, in turn, the depth-of-field, d, depends upon the choice 
of these quant i t ies . Since the possible sampling volume of each photograph 
depends upon d, it is desi rable to make d as large as poss ib le . F u r t h e r -
m o r e , the quantit ies z1 and z2 must be smal l to provide good images . When 
d is large and z2 is smal l , it can be seen from formula (6) that the rat io 
mus t be l a rge . Since it is desirable that nei ther z1 or z2 exceed the 
o ther , z1 may be equated to z , and the q u a n t i t y e l i m i n a t e d between (4) 
and (6) to yield  
(7) 
where z r e p r e s e n t s e i ther z1 or z2 . 
F r o m this equation it can be seen that, if the resolut ion is l imited 
equally by diffraction and lack of depth-of-field, abe r ra t ions of the lens s y s -
tem being unimportant , then the constants of the optical sys tem have no effect 
on the depth-of-field. Therefore , no a l te ra t ion of the focal lengths of the m i r -
r o r or camera objective will increase the depth-of-field and the use of a t e l e -
centr ic sys tem, such as the one previously descr ibed , imposes no l imitat ions 
other than those which would be experienced with any optical sys tem. 
Fo r the purpose of photographing ra indrop shape, c i rc le of confusion 
and disc of diffraction d iamete r s of 0. 25 mm in the object space were used. 
Several factors dictated this choice: (1) the resolut ion of the film l imits defi-
nition of images to 0. 2 mm, (2) resolution should be as good as possible to 
pe rmi t measu remen t of pa r t i c l e s within very var row l imi t s , (3) deviation of 
ra indrop shape from spher ica l should be detectable to 0.25 m m , since a dif-
ference of 0. 25 mm between the lengths of the major and minor axes of a 2. 5 
mm drop resu l t s in an axial ra t io of 0. 9 (10). 
Since the depth-of-field is decreased as the resolut ion is made more 
c r i t i ca l , the maximum tolerable value of z is des i r ab l e . Several numer ica l 
examples may serve to i l lus t ra te this. Using an approximate value of 5 x 10-4 
mm for , equation (7) yields the following r e su l t s : for resolution of 0. 5 mm 
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in the object space (z = 0.25 mm) the depth-of-field is 16. 1 inches; a 
depth-of-field of 4.04 inche s is possible with a resolut ion of 0.25 mm; and 
for a resolution of 0. 2 mm the depth-of-field is only 2. 54 inches. 
Two of the above combinations have been used to collect data. For 
the purpose of ra indrop shape s tudies , where c r i t i ca l definition of the drops 
is more important than the total number of drops obtained, 0. 25 -mm r e s o -
lution, 4. 04-inch depth-of-field, and from equation (4), a relative aper tu re 
of f/11 were used. Resolution tes ts substantiated the fact that 0. 25 -mm 
resolution was obtainable through four inches. Since the amount of natural 
light cannot be decreased , a neutral density filter must be used to l imit the 
amount of light entering the camera at this l a rge r lens opening. 
F o r the purpose of determining the d rop - s i ze distr ibution, a l a rge r 
sample , and thus a l a rger sampling volume, is des i rab le . Accordingly, a 
resolving power of 0. 5 mm obtainable through 16-in. or 406-mm depth-of-
field was chosen. 'Each photograph r ep resen t s a sample through 0. 033 m3, 
and if the 36 photographs obtained in 12 consecutive seconds a r e combined 
as a sample , the volume is 1. 198 m3 in which an average of 200 drops a re 
photographed. Tes ts with a lens ape r tu re of f/18. 0 have shown that drops 
0. 5-mm and la rger a r e observed and a resolution of 0. 3 mm is obtained 
through the 406 mm. The figure of 0. 3 mm is used as the median of the 
c lass interval in drop size tabulation. 
RESULTS 
Several photographs obtained with the drop camera are included as 
examples . In genera l , these i l lus t ra t ions a r e not examples of the average 
photograph obtained, since the ra indrop images on an average photograph 
a r e too sparse or too smal l to show up well in a reproduction. Instead, 
those photographs which i l lus t ra te the unusual data obtainable with the c a m -
era a r e shown. 
Figure 7 is an interpretat ion of the ra indrop photographs and is 
self- explanatory. 
Figure 8 shows the l a rges t drop yet obtained with the drop camera . 
The photograph was obtained 7 August 1953 during a heavy shower accom-
panied by small hail . The drop measu red , 10. 4 mm x 7. 6 mm. It is con-
ceivable that the drop is hail and not water , since theoret ical ly it is l a rge r 
than a water drop may grow. 
Figure 9 i l lus t ra tes one of seve ra l cases in which a number of r e l a -
tively smal l droplets appear in close proximity, suggesting the possibi l i ty 
that the group originated from a large unstable drop a moment before . A 
rain drop measur ing 4. 8 mm x 4. 0 mm appears above the cluster of smal l 
d rops , not shown in this portion of the photograph. 
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Figure 10 shows a phenomenon which is thought to be the f i r s t instance 
of "bagging" observed in nature . Such a phenomenon has been observed in 
studies of drop b reak-up in the labora tory , and an equation has been derived 
to explain the conditions existing at the moment of b reak-up (13). Although 
the c lus ter of droplets in Figure 9 appear in approximately the co r rec t position 
to make it seem that they a r e the resul t of the "bag" in Figure 10, actually the 
"bag" of Figure 10 was photographed 3 seconds after the droplets in Figure 9 
were photographed. However, it is believed that the drople ts found in Figure 
9 a r e the resu l t of the b reak-up of a "bagging" ra indrop . 
Using the data obtained from Figure 10 a calculation based on the 
equation (u-v)2d = 612 given by Lane (11), where u is the cr i t ica l velocity 
of the a i r s t r e a m in m s e c - 1 , v is the veloci ty of the entrained drop at the 
instant of breaking in m s e c - 1 , and d is the equivalent spher ica l d i ame te r 
in mi l l ime te r s shows that there was an e a s t e r l y wind blowing downward at 
35° from the horizontal at 7 m s e c - 1 . The assumption for the m a s s of water 
contained in the r im of the "bag" as given by Lane was used. 
Attention is now directed to another phenomenon for whose obse rva -
tion the drop camera has shown itself to be useful. It has been observed that 
those l a rge r water d rops , which a re non-spher ica l and tend to flatten due to 
aerodynamic p r e s s u r e s , do not always r ema in with their flattened s ides to -
ward the ground. It would be expected that the major axis of the r a in drop 
c r o s s - s e c t i o n would be so oriented as to balance the aerodynamic and grav i -
tational forces acting upon the drop. Evidently, the forces a r e not those 
simple ones which would be f i rs t a s sumed , i. e. , a steady horizontal wind. 
Figure 11 and 12 i l lus t ra te the slope of the major axis with the hor izontal , 
with Figure 12 showing three drops each with a different axis or ientat ion. 
Another fact which may be determined from raindrop photographs is 
the lack of consistency of the axial rat io of ra indrops with equal major axis 
length; i. e. , one drop may measure 5 mm horizontally and 4 mm ver t ica l ly , 
thus having an axial rat io of 0. 8; while another drop may measure 5 mm h o r i -
zontally, but only 3 mm ver t ica l ly - an axial ratio of 0. 6. The drop shown in 
Figure 10 m e a s u r e s 8. 3 mm along the major axis and has an axial rat io of 
0. 45. This lack of consistency in drops of equivalent spher ica l d iameter or 
equal major axes may be explained by the phenomenon descr ibed by Blanchard 
(12). He noted that there were two types of osci l la t ions which cause the axial 
ra t io to change with t ime; a rotational osci l la t ion about the ver t i ca l axis and a 
vibrat ional osci l lat ion. 
CONCLUSIONS 
It has been shown that the drop c a m e r a is capable of obtaining the 
data for which it was designed, that of the ra in d rop- s i ze distr ibut ion. It 
is capable of resolving drops l a rge r than 0. 5 mm to an accuracy of 0. 3 mm, 
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and it samples a volume of space large enough so that an average of 2 00 or 
more drops per sample (36 exposures) a re obtained. 
Over and above the bas ic information of the drop-s ize distr ibution, 
the c a m e r a will record the c ross - sec t iona l shape of the pa r t i c l e s photo-
graphed and their axial orientat ion. The camera also has photographed 
some unexpected drop configurations thought to r ep resen t a phenomenon of 
drop b reak-up . 
Within cer ta in l imits the drop camera is quite adaptable to the type 
of data that might be required for precipitat ion par t ic le investigations. 
These l imi ts a r e : (1) the l imitations imposed upon the depth-of-field by 
the required resolut ion, (2) the speed of the par t ic le and the flash duration 
required to prevent appreciable blurr ing of the image, and (3) distort ion of 
non-rigid par t ic les by turbulence about the sampling opening. 
SUGGESTIONS FOR FUTURE WORK 
It is thought that much information would be obtained from an o r d i -
nary camera and light source photographing at right angles to the drop c a m -
e r a . The light source could be another FT-503 flash tube on an extension 
cord from the p resen t power pack. 
Another informative use for the drop camera would be a n a r r a n g e -
ment allowing more than one image of the same ra in drop to be photographed, 
ei ther on the same negative or on separate negatives. Multiple exposure on 
the same negative would probably be the method most quickly obtained. The 
presen t equipment would be capable of modification for e i ther method. If 
pa r t i c les moving considerably faster than 10 m / s a r e photographed or if a 
magnification g rea te r than l : l / l 0 is to be used, the flash duration would have 
to be shortened accordingly. 
A recent paper by McDonald (13), describing the forces acting upon 
a water drop, noted the lack of suitable photographs of falling water drops 
and par t icular ly falling ra indrops . It would seem that the drop camera would 
be an ideal ins t rument for recording the data for the study of forces d e t e r -
mining drop shape. Fo r shape studies it is not necessa ry to l imit the volume 
photographed s t r ic t ly , since blurr ing of out-of-focus images will el iminate 
them. It would not be necessa ry to have limiting shields near the volume 
photographed; therefore , turbulence distort ion should become negligible. 
As pointed out in the discussion of measuremen t accuracy , r e so lu -
tion inc reases and the depth-of-field d e c r e a s e s as the aper tu re size is in-
c reased ; by sacrif icing the number of drops which a r e to be measured by 
increas ing the size of the ape r tu re , an accuracy of measu remen t limited, 
only by the resolution of the photographic film may be achieved. Grea ter 
measuremen t accuracy may be attained if a l a rge r magnification ratio is 
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used; i. e. , when a camera lens with focal length longer than 210 mm is used 
on the p resen t c a m e r a . To increase the magnification without increasing the 
film size would mean a further reduction in number of drops sampled. A 
prac t i ca l limit of accuracy will be reached as a quality lens of long focal length 
and large aper ture becomes too expensive. Of course , sma l l e r droplets b e -
come detectable and measurab le as measuremen t accuracy i n c r e a s e s . 
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